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The multiplication of pneumonia virus of mice (PVM) and mumps virus can 
be inhibited by substances of known composition (1, 2). It has been shown that 
such  inhibition can  be  obtained when  the  substance  is  given in  the  latent 
period during single cycles of multiplication (3, 4). This evidence supports the 
concept  that  the  inhibiting substance  affects the  host  cell,  rather  than  the 
virus, and alters cellular metabolic processes necessary for multiplication of the 
agent (1-4). With some inhibitory substances, evidence of striking viral speci- 
ficity has been obtained; substances which markedly restrict the multiplication 
of mumps virus and pneumonia virus of mice (PVM) have no effect upon the 
multiplication of  influenza and  Newcastle  disease viruses  in  the  same  host 
species (1, 2, 5, 6). This has been considered as evidence that the cellular meta- 
bolic processes  required by certain viruses may not  be  identical with those 
required by others (2, 3). 
Recently, Ackermann (7) reported that sodium monofluoroacetate inhibited 
the multiplication of influenza A  virus in the mouse lung and adduced that 
certain  reactions  of  the  Krebs  cycle were  essential  for viral  multiplication. 
Ainslie  (8)  extended  these  observations  to  the  Lansing  strain  of  polio- 
myelitis virus and  reported  that  sodium  monofluoroacetate delayed  multi- 
plication  of this  agent  in  the  mouse  brain  and  cord.  The  effect of sodium 
monofluoroacetate on the metabolic processes of living cells has been studied 
in detail  and it is known that the compound causes an enzymic block in the 
tricarboxylic stage of the tri-cycle (9). 
Because sodium monofluoroacetate is a  potent and specific  inhibitor of an 
essential metabolic process of known nature, it appeared of value to inquire 
further into the effects of the substance on the multiplication of viruses.  In 
the present study, four animal viruses of medium or small size,  influenza A, 
influenza B, mumps, and pneumonia virus of mice (PVM), and two host species, 
the mouse and the chick embryo, were employed. The effect of large doses of 
sodium monofluoroacetate on  single  cycles of multiplication of each  of  the 
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agents  was  examined.  In  addition,  small  viral  inocula were used  so  that  the 
effect  of  the  substance  on  successive  multiplication  cycles  could  be  learned. 
It  will  be  demonstrated  that,  despite  the  profound  metabolic  alterations 
known  to be caused by sodium monofluoroacetate,  the compound had surpris- 
ingly small effects on the multiplication of any of the four viruses employed in 
either host species. 
Materials and Methods 
Viruses. Influenza.f  The PR8 strain of influenza A virus and the Lee strain of influenza 
B  virus were employed. Both strains had  undergone many passages in chick embryos and 
mice. Infected mouse lungs, removed 3  days after intranasal  inoculation, were made to a 
10 per cent suspension by grinding in broth in a  modified blendor.  Pooled allantoic fluids 
obtained 42 to 48 hours after aUantoic inoculation of 10 day old chick embryos were used. 
Pneumonia Virus of Mire (PVM).--Lungs infected with PVM, strain  15, were removed 
6 days after intranasal  inoculation of 3 week old Swiss mice and were prepared  as  10 per 
cent suspensions in broth by grinding in a blendor. For in vitro studies, infected lungs were 
prepared as  10 per cent suspensions  in distilled water.  After centrifugation at  11,000 g for 
30 minutes, the supernate of such suspensions  contained freegnfectious PVM (10,  11). Heat- 
ing such suspensions  at  70°C.  for 30  minutes prior  to centrifugation yielded heaZ-rdeased 
PVM in the supernate (12). 
Mumps Virus.--Pooled  allantoic fluids obtained 4  days after allantoic inoculation of 8 
day old chick embryos with the Habel strain were used. 
All infective virus preparations  were stored  at  -65°C.  in the absence  of gaseous  CO~ 
(13).  Dilutions of virus, except when used for in vitro studies, were made in broth contain- 
ing inactivated  10 per cent normal horse serum.  Penicillin,  100  units,  and  streptomycin, 
100 #g. per embryo, were given along with the virus inoculum in all experiments in chick 
embryos. 
Sodium Monofluoroacetate.--Sodium monofluoroacetate (compound  1080), free of fluoride 
ion,  was  obtained from the Monsanto  Chemical Co.  Solutions were prepared  in 0.85  per 
cent NaC1 solution just prior to use. The concentration of the solution was adjusted so that 
mice received a maximum volume of 1 cc. intraperitoneally. When given in amounts of 3 to 
4 rag.  per kg., mice exhibited reduced activity, ruffling of the fur, and labored respirations 
beginning about  1 hour after injection. These signs persisted for 12  or more hours.  Death 
occurred in approximately 10 to 20 per cent of animals receiving these amounts. With chick 
embryos, 2 mg. in 0.2 cc. of saline was injected into the yolk sac as a routine. This quantity 
caused  100 per cent mortality in embryos observed for 5 days.  Penicillin,  100 units,  and 
streptomycin, 100/~g. per embryo, were given with the fluoroacetate in some experiments. 
M/ve.--Swiss mice, 3 to 5 weeks old, of the Rockefeller Institute  strain were used. Virus 
inoculations  were given intranasally  under  light  ether  anesthesia.  Mice were  killed with 
chloroform and the lungs were removed with aseptic precautions. 
Chizk Embryos.--Fertile  White Leghorn eggs were incubated  for 9  to 10 days at 39°C. 
before inoculation. After inoculation, eggs were held at 35zc. for the duration of the experi- 
ment. 
Virus Infectivity  Titrations.--in  mice, the 50 per cent maximum score end-point  (MSt0) 
(14)  was  determined  11  days  after intranasal  inoculation of groups  of 6  mice with serial 
tenfold dilutions of infected mouse lung suspension.  In chick embryos, serial tenfold dilu- 
tions of infected allantoic fluid or infected mouse lung suspension  were inoculated into the 
allantoic sac of groups of 4 embryos. Allantoic fluids were harvested after 2 days' incubation 
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determined by the hemagglutination procedure with chicken RBC and the 50 per cent em- 
bryo infectivity end-point (EI~o) was determined in the usual manner (15). 
Hemagglutlnation Titratlwns.--With  infected allantoic fluid, serial twofold dilutions were 
made in 0.85 per cent NaCI solution buffered at pH 7.2 (0.025 ~ phosphate). Mter the addi- 
tion of an equal volume of 0.5 per cent washed chicken RBC, final concentration 0.25 per 
cent, readings were made at 40 minutes with influenza viruses and at 1 hour with mumps 
virus  (2). With mouse lungs infected  with influenza virus,  the procedure  employed was 
identical with that described previously (16). In brief, lung suspensions were held overnight 
with Vibrio ckolo'ae culture filtrate  to inactivate non-specific inhibitor and then serial two- 
fold dilutions of the mixtures were prepared in 2.5 per cent sodium citrate solution. Chicken 
RBC were then added in a final concentration  of 0.125 per cent and readings were made 
in the usual manner. In the case of mouse lungs infected with PVM,  the procedure was 
identical  with that described previously  (17). Briefly, lung suspensions were prepared  in 
distilled water  and then  heated  at 70°C. for 30 minutes.  After centrifugation,  NaC1 was 
added and serial twofold dilutions were prepared in saline. Mouse RBC were then added in 
a final concentration of 0.1 per cent and readings were made after 3 hours at room tempera- 
ture (12, 17). 
EXPERIMENTAL 
Influence  of  Sodium  Fluoroacetate  on  the  Multiplication  of  PR8  Virus.- 
Before undertaking a detailed study on the effects of sodium monofluoroacetate 
on the multiplication of various viruses in different host species, it appeared 
desirable to obtain additional data relative to the influence of the compound 
on one of the agents used by other workers  (7,  8).  In the present study, the 
PR8  strain of influenza A  virus was selected for the  initial experiments and 
conditions closely similar to  those  employed by  Ackermann (7)  were  used. 
In each  experiment, groups  of  10 mice were inoculated  intranasally with infected al- 
lantoic fluid diluted so that the inoculum contained  108 or 10' EI~0 of PR8 virus. A single 
injection of sodium fluoroacetate, 3.8 or 4.4 mg. per kg. (approximately 70 #g. per mouse), 
was given intraperitoneally  either  15 minutes or 6 hours after  the virus. Control animals 
received saline at identical intervals. 12 to 24 hours after inoculation, the lungs of each group 
of mice were removed and pooled. 10 per cent suspensions were prepared  by grinding the 
lungs in broth. The virus titer of each suspension was determined by infectivity titration in 
the chick embryo as described above. 
The results of these experiments are shown in Table I. The titers of infective 
PR8 virus in the lungs of mice which received sodium fluoroacetate were in 
each case somewhat lower than those found with the control animals. However, 
the differences in the titers were not as great as those observed previously in 
comparable experiments (7). 
To obtain more complete information on the extent to which sodium fluoro- 
acetate affects the multiplication of PR8 virus in the mouse lung, much larger 
inocula were employed so that as many susceptible cells as possible would be 
infected simultaneously. The whole course  of  the  multiplication process  was 
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Mice were inoculated intranasally with 0.05 cc. of a 10  -1 dilution of infected mouse lung 
suspension containing 10  ~a MSs0 and l0  s EIs0 of PR8 virus. 15 minutes later, a single injec- 
tion of sodium fluoroacetate, 4 mg. per kg., in saline was given intraperitoneally. Control 
animals received saline alone. Groups of 6 mice were killed at intervals of 2 hours and the 
lungs were removed, pooled, and stored for short periods at -25°C. The virus titer of each 
group was then determined with a 10 per cent suspension of the pooled lungs by the hemag- 
glutination procedure as described above. 
The results  obtained  are presented  in  Fig.  1.  It can be  seen  that  in mice 
given sodium fluoroacetate 15 minutes after inoculation with PR8 virus there 
was  a  slight  delay in  the  time  of appearance  of hemagglutinating virus.  In 
control animals, virus demonstrable by the procedure used appeared at 5 hours, 
while in treated mice the agent appeared at 7 hours. The rate at which the virus 
titer increased was slightly more rapid in control than in treated animals but 
at 13 hours there was little or no difference  in the amount of virus present in 
the lungs of the two groups. This occurred despite the fact that sodium fluoro- 
TABLE I 
The Effect  of Sodium Fluoroacetate on the Multiplication  of PR8 in the Mouse Lung 
NaFAc  Infectivity titer, EIso, of lungs 
Virus inoculum 
log 
3.0 
4.0 
4.0 
mg./kg. 
4.4 
4.4 
3.8 
Time after 
virus 
0.25 
0.25 
6.0 
Time after  [ 
virus  Control 
'I oct 1~ tic n 
hrs,  I  log 
I 
18  --6.6 
--7.2 
Treated 
log 
--2.6 
--5.3 
--6.0 
Difference  be- 
tween control 
and treated 
log 
20 
1.3 
1.2 
acetate has been shown (7) to affect markedly the metabolism of citrate in the 
mouse lung for periods as long as 24 hours. 
It has been demonstrated previously (7) that sodium fluoroacetate does not 
din~inish  either the infectivity or the hemagglutination titer of PR8 virus on 
contact in vitro. In this study it was found that suspensions of lungs from mice 
which had been given 4 rag. per kg. of the compound intraperitoneally 5 hours, 
earlier  did not cause a  reduction in  the  infectivity titer  when mixed with  a 
PR8 virus lung suspension. 
Although it is known that sodium fluoroacetate is  more toxic for chickens 
than for mice  (18),  there  do not appear  to be published  data regarding the 
toxicity of the compound for chick embryos. Before  undertaking experiments 
on the effect of the substance on the multiplication  of various viruses in the 
chick embryo, the toxicity of the compound for this host species  was examined. 
When sodium fluoroacetate was injected into the yolk sac  of 9 day old chick 
embryos in amounts of 0.8 to 4 mg., embryo activity was reduced, growth was 
inhibited,  and death of the embryo occurred in 2 to 5 days in every instance W..]'. MOGABGAB  AND  F. L. HORSFALL~  JR.  535 
as is shown in Table II. In all experiments in the chick embryo, 2  mg.  of the 
compound was given in the yolk sac. This quantity is equivalent to about 2.5 
lethal doses for this species. 
There  is evidence  (9)  that  the  metabolic alterations which  are  caused  by 
sodium  fluoroacetate  are  closely  similar,  even  in  unrelated  animal  species. 
Because of this, it was of interest to determine the effect of the substance on 
the multiplication of PR8 virus in the chick embryo. As in similar experiments 
in  the  mouse  lung,  the  objective was  to  infect  a  very large number  of sus- 
ceptible cells simultaneously and  to  determine what  influence the  compound 
had on the rate and extent of viral multiplication throughout the whole course 
of the process. 
TABLE II 
Toxicity of Sodium Fluoroacetage  for 9 Day Old Chick Embryos 
NaFAc* 
reg.~embryo 
0.2 
0.4 
0.8 
2.0 
3.0 
4.0 
No. embryos 
3 
3 
3 
12 
12 
12 
No. of embryos  dead 
Days after NaFAc 
1  5 
0 
1 
2 
* NaFAc was injected into the yolk sac. 
A 10  -1 dilution of infected allantoic fluid containing l0  T  EI60 of PR8 virus was inoculated, 
in 0.2 cc. amount, into the allantoic sac of 9 to 10 day old chick embryos.  1 hour later, so- 
dium fluoroacetate,  2 mg. in 0.2 cc. of saline,  was injected into the yolk sac. Control em- 
bryos received  saline in the yolk sac.  Embryos were incubated at 35°C., and groups of 4 
were removed at intervals of 1 to 2 hours.  Embryos which died during the experiment were 
discarded. Those which  survived were chilled at  -25°C. for 30 minutes and then held at 
4°C. until allantoic fluids were harvested. The allantoic fluid of each embryo was titrated 
individually by means of the hemagglutination procedure with 0.25 per cent chicken  RBC 
as described above. The geometric  mean titer for each group of embryos was  then deter- 
mined. 
The results of a  representative experiment are shown in Fig. 2. It is evident 
that the results are closely similar to those obtained with large inocula of PR8 
virus in the mouse lung. There was a  slight delay in the appearance of demon- 
strable virus in the allantoic fluid of treated embryos and the rate of increase 
in virus titer was somewhat slower than  in control embryos. However,  at 24 
hours there was no difference in the amounts of virus present in the two groups. 
The  similarity between  the  results shown  in  Figs.  1  and  2  appears obvious. 536  EFFECT O]~ FLUOROACETATE  ON VIRUS MULTIPLICATION 
It was reported previously (7)  that at 24 hours after inoculation the degree 
of inhibition of PR8 virus multiplication  in the mouse lung caused by sodium 
fluoroacetate  was  somewhat  greater  as  the  size  of  the  viral  inoculum  was 
decreased.  By the use of small inocula, the time required  to obtain maximum 
titers is increased and more cycles of multiplication are exposed to the effects 
of sodium fluoroacetate  than  when  large  inocula  are  employed.  Because  the 
results obtained in this study with large inocula were comparable in the mouse 
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FIO. 1. Multiplication of PR8 virus in the lungs of mice given sodium ituoroacetate, 4 rag. 
per kg., intraperitoneaUy  15 minutes  after virus. The viral inoodum contained  106.s MSso 
and 108 EI~0. Each point represents the tater of a pool of lungs from 6 mice as measured by 
the hemagglutination procedure with 0.125 per cent chicken RBC. 
Fzo. 2. Multiplication  of PR8 virus in the allantoic sac of chick embryos given 2 rag. of 
sodium fluoroacetate in the yolk sac 1 hour after virus. The viral inoculum contained  107 
EI60. Each point represents the geometric mean of the hemagglutination  tAters of individual 
aUantoic fluids from 4 embryos. Chicken RBC, 0.25 per cent, were employed. 
and the  chick embryo, experiments  with small viral  inocula were carried out 
in the latter host species. 
Embryos were inoculated into the allantoic sac with a 10  -e dilution of infected allantoic 
fluid containing  101.T EI~0 of PR8 virus.  1 hour after inoculation,  2 rag. of sodium fluoro- 
acetate was injected into the yolk sac. Groups of 5 embryos were removed at intervals  of 4 
hours.  In all other  respects, the experimental procedure was identical with  that described 
above. 
The results of this experiment are presented in Fig. 3. When compared with 
the findings in experiments with large inocula, as shown in Fig. 2, it is evident 
that there was no striking difference in the effect of fluoroacetate on the multi- W.  ]. 3~0GABGAB  AND  ]~. L. HORSFALL~  JR.  537 
plication  of PR8 virus in the chick embryo whether a large or small inoculum 
was used. 
The results  of experiments with large and small inocula of PR8 virus,  both 
in mice and chick embryos,  indicate that sodium fluoroacetate  caused only a 
slight delay in the appearance  of the virus and a minor diminution in the rate 
at which the virus titer increased throughout the course of the multiplication 
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FIG. 3.  Multiplication  of PR8  virus in sodium fluoroacetate-treated chick embryos fol- 
lowing inoculation of 101"7 EIa0 of virus. NaFAc, 2 nag. per embryo, was injected into the 
yolk sac  1 hour after virus inoculation.  Each point represents  the geometric mean  of the 
hem_agglutination  titers  of individual allantoic fluids from 4  embryos.  Chicken RBC, 0.25 
per cent, were employed. 
process. Irrespective  of the host species used or the size of the inoculum, maxi- 
mal virus titers developed despite treatment with quantities of the compound 
which were large enough to kill an appreciable proportion of mice and would 
have caused death of all  chick embryos  had the duration of the experiment 
been increased. 
Influence  of Sodium  Fluoroacetate on the Multiplication  of Lee  Virus.--To 
extend observations  on the effect of sodium fluoroacetate on the multiplication 
of viruses,  the Lee strain of influenza B virus was employed  in experiments 
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Mice were inoculated intranasally with 0.05 cc. of a 10  -1 dilution of infected mouse lung 
suspension containing 108.1 MSs0 and 10  ~.6 EIs0 of Lee virus. A single intraperitoneal injec- 
tion of sodium fluoroacetate, 4 mg. per kg., was given 15 minutes after the virus. The re- 
mainder of the experimental procedure was identical with that utilized with PR8 virus in the 
mouse lung (of. experiment illustrated in Fig. 1). 
The results of this experiment are presented in Fig. 4. There was a  delay of 
approximately 20 hours before hemagglutinating virus appeared in the lungs 
of fluoroacetate-treated mice.  Thereafter the virus titer increased very rapidly 
and by 58 hours after inoculation the titers in treated and control mice were 
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FIo. 4. The effect of sodium fluoroacetate on the multiplication of Lee virus in the mouse 
lung. Mice were inoculated with 10  s,1 MSs0 and 105.6 EIt0 of virus 15 minutes before NaFAc, 
4 rag. per kg., was given intraperitoneally. Each point represents the titer of a pool of lungs 
from 6  mice as measured by the hemagglutination procedure with 0.125 per cent chicken  RBC. 
practically identical. When compared with the results obtained with PR8 virus 
in a similar experiment, as shown in Fig. 1, it appears that sodium fluoroacetate 
caused a considerably longer delay in Lee virus multiplication. 
Even though the size  of the inoculum of Lee virus, in terms of both MSs0 
and EIs0, was at least 150 times smaller than the PR8 virus inoculum used in 
mice, it seems probable that the results of this experiment represent a  special 
case.  Infections of mice with PR8 and Lee viruses are not strictly comparable; 
much more Lee virus is  required  to initiate  infection than is  necessary with 
PR8 (19). Moreover, if the effect of sodium fluoroacetate on the multiplication 
of Lee virus in the mouse lung were attributable to the metabolic requirements 
of the virus per se, it would be expected that a similar effect should be demon- 
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To test  this possibility, 0.2 cc. of a  10  -1 dilution of infected allantoic fluid containing 
10  6.s EIs0 of Lee virus was inoculated into the allantoic sac of 9 to 10 day old chick embryos. 
1 hour later, 2 nag. of sodium fluoroacetate in 0.2 cc. of saline was injected into the yolk 
sac. The remainder of the experimental procedure was identical with that  described above 
for PR8 virus in the chick embryo. 
The results  of this  experiment  are presented  in  Fig.  5.  After a  very brief 
delay, demonstrable Lee virus appeared in the allantoic fluid of fluoroacetate- 
treated  embryos.  Thereafter,  the  rate  of  increase  in  virus  titer  was  almost 
identical  in  treated and control embryos. It appears evident  that  the effects 
of sodium fluoroacetate on the multiplication  of Lee and  PR8 viruses,  after 
inoculation of large doses in the chick embryo, were closely similar. 
If the more marked delay in the multiplication of Lee virus caused by sodium 
fluoroacetate in the mouse (cf.  Fig. 4) were to be explained on the basis of the 
quantity of virus inoculated,  it should be possible to obtain similar evidence 
of inhibition by using a  small inoculum of the virus in the chick embryo. 
To test this possibility, 9 to 10 day old chick embryos were inoculated into the allantoic 
sac with 0.2 cc. of a  10  -5 dilution of infected allantoic fluid containing 10  s-2  EI,0 of Lee 
virus. 1 hour after inoculation, 2 mg. of sodium fluoroacetate was injected into the yolk sac. 
The same technical procedures were used as in the experiment described above except that 
groups of embryos were removed at intervals of 4 hours. 
The  results  of this  experiment  are  illustrated in Fig.  6.  It is  evident  that 
sodium  fluoroacetate  had  no  greater  effect  upon  the  multiplication  of  Lee 
virus in the chick embryo when a small inoculum was used. This finding lends 
support to the idea that the more marked effect of sodium fluoroacetate on Lee 
virus multiplication in the mouse was due to some special effect produced in 
that host species  which was not dependent on the size of the virus inoculum. 
It  appears  clear  that  in  the  chick  embryo,  whether  large  or  small  virus 
inocula were used,  there was no demonstrable difference in  the effects  of the 
compound on the multiplication of influenza viruses. It should be emphasized 
that with Lee virus, as with PR8 virus, the chief effect of sodium fluoroacetate 
was to delay slightly the appearance of virus demonstrable by the  procedure 
used. In all experiments, either in mice or in chick embryos, maximal virus titers 
were obtained in fluoroacetate-treated animals. 
Influence of Sodium Fluoroacetate  on the Multiplication of PVM.--The  multi- 
plication of pneumonia virus of mice (PVM) is markedly inhibited by certain 
bacterial  capsular polysaccharides  (1)  which have no effect upon  the  multi- 
plication of influenza A or B virus (1, 2). In addition, PVM and influenza viruses 
can multiply concurrently in the mouse lung and do not show evidence of inter- 
ference  (5).  These findings have been interpreted  as indicating that  the host 
cell metabolic processes required by PVM and influenza viruses are not identi- 
cal.  Because of the reports of other workers (7,  20)  on the importance of re- 
actions of the Krebs  cycle to multiplication  of influenza A  virus,  it  was de- 540  E~]~ECT O]~  FLUOROACETATE ON  VIRUS  MULTIPLICATION 
sirable  to determine the effect of sodium fluoroacetate on the multiplication of 
PVM, Experiments similar to those which demonstrated the inhibitory effect of 
the capsular polysaccharide of Friedl/inder  bacillus,  type B, during the latent 
period in single cycles of multiplication with PVM (4) were carried out. 
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FIO. 5. Multiplication of Lee virus in the allantoic sac of chick embryos given 2 rag.  of 
sodium  fluoroacetate  in  the  yolk  sac  1 hour  after  virus  inoculation.  The inoculum con- 
tained 106-s EIs0 of virus. Each point represents the geometric mean of the hemagglutination 
titers of individual allantoic fluids from 4 embryos. Chicken RBC, 0.25 per cent, were em- 
ployed. 
FIo. 6. Multiplication of Lee virus in sodium fluoroacetate-treated chick embryos foliow- 
ing inoculation of 102.~ EIs0 of virus. NaFAc, 2 rag. per embryo, was injected into the yolk 
sac 1 hour after virus inoculation. Each point represents the geometric mean of the hemag- 
glutination titers of individual aUantoic fluids from 4 embryos. Chicken RBC, 0.25 per cent, 
were employed. 
Mice, 3 weeks old,  were inoculated intranasally with 0.0S cc. of a  10  -2 dilution of infected 
mouse lung containing 10  ~.9 MS~0 of PVM. In three separate experiments a single injection of 
sodium fluoroacetate, 4 rag. per kg. in saline, was given intraperitoneaUy 15 minutes, 6 hours, 
or 12 hours after virus inoculation. Control animals, similariy infected, received saline intra- 
peritoneally. Beginning 22 hours after infection, groups of 6 mice were killed at intervals of 
2 hours.  The lungs were removed, pooied, and  stored at  -25°C. until titrations were per- 
formed. Virus titers were determined by the hemagglutination procedure with 0.1  per cent W. ]. MOGABGAB  AND  F. L. HORSFALL~  yR.  541 
mouse RBC after preparation of lung suspensions in distilled H20 and heating as described 
above. 
The results of these experiments are presented in Fig.  7.  It is evident that 
sodium fluoroacetate, given at various times during the latent period, had but 
little effect upon  the rate at which  the  titer of PV-M  increased in  the mouse 
lung. Even when the compound was given 6 or 12 hours after virus inoculation, 
at times which correspond to about 2~ and ~,  respectively, of the latent period 
with this agent (17), fluoroacetate-treated mice did not show virus titers which 
were  consistently lower  than  those  of control animals.  From 32  to  36  hours 
after inoculation in all experiments, the virus titer of the lungs of treated mice 
was practically identical with that of the lungs of control animals. 
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Fio. 7. Multiplication of PVM in the lungs of mice treated with sodium fluoroacetate, 
4 rag. per kg. intraperitonealiy, at various intervals after inoculation of virus. The inoculum 
contained 102'° MS60 of virus. Each point represents the titer of a pool of lungs from 6 mice 
as measured  by the hemaggiutination procedure with 0.1 per cent mouse RBC.  Time inter- 
vals on each graph show the time after viral inoculation when NaFAc was given. 
The effect of repeated injections of sodium fluoroacetate on the multiplica- 
tion of PVM  after a  small virus inoculum was also determined. 
Mice, 3 weeks old, in groups of 10, were inoculated intrunasally with 0.05 cc. of a  10s 
dilution of infected mouse lung suspension containing 101.4 MSs0 of PVM.  15 minutes after 
inoculation, as well as 24 and 48 hours later, the mice were injected intraperitoueally with 
3.3 rag. per kg. of sodium fluoroacetate in saline, a total dose of 9.9 rag. per kg. As a result 
of these injections,  16 per cent of the animals died.  Similarly infected control animals re- 
ceived  saline at the same periods.  3 days after virus inoculation  the animals were  killed. 
The lungs from each group were removed, pooled, and ground to a 10 per cent suspension in 
distilled water. An aliquot of each suspension  was stored at  -65°C. until infectivity titra- 
Lions were carded out in mice. The virus titer of each suspension was also measured  by the 
hemaggiutination procedure with 0.1 per cent mouse  RBC after the suspensions had been 
heated at 70°C. for 30 minutes. 
Table III shows  the  results obtained in  three separate experiments of this 
kind with  PVM.  Both  the  infectivity and  the hemagglutination  titers of the 542  E~FECT  OF FLUOROACETATE  ON VIRUS  MULTIPLICATION 
lungs of the fluoroacetate-treated mice were lower than those of the controls 
in  each experiment. On  the  average,  the hemagglutination  titer was  tenfold 
and the infectivity titer was 16-fold lower in treated as compared with control 
animals. With PVM,  differences of this magnitude may be considered as not 
attributable to chance (11,  21). 
Mice given 3.3 rag. per kg. of sodium fluoroacetate daffy for 3 days become 
obviously ill and debilitated and approximately 10 to 20 per cent die. To de- 
termine whether the lower titer of PVM in mice which received repeated in- 
jections of sodium fluoroacetate was due to a  specific effect of the compound 
rather than to the debilitated state of the host, the following experiment was 
done. 
TABLE III 
The E~ed of Sodium Fluoroacetate Given Daily on  the Multiplication  of PVM in the Mouse 
Lung 
Virus inoculum 
MS+o 
log 
1.4 
1.4 
1.4 
NaFAc  for 
3 days* 
mg.lkg.lday 
3.3 
3.3 
3.3 
Titer of lung suspension 
Duration of  .  77------  experiment after  Hemagglutinatton  is.  virus inoculation 0.I per cent mouse  RBC  Infectivity MS~0 
__C°ntr°l  Treated  Control  Treated 
days  log  log 
3  64  8  --4.3  --3.2 
3  1~  4  --4.4  -2.7 
3  16  --4.3  --3.3 
* NaFAc was injected intraperitoneally 15 minutes, 24 and 48 hours after virus inocula- 
tion. 
Normal 3 week old mice were given 5 rag. per kg. of sodium fluoroacetate intraperitoneally 
daily for 3 days. A control group was given intraperitoneal saline. In this experiment, a mor- 
tality of 50 per cent resulted from the first injection of sodium fluoroacetate, an additional 
20 per cent mortality occurred in the surviving mice after the  second injection, and  12 per 
cent of those remaining died after the third injection. This represents a  total  mortality of 
approximately 65  per cent.  6  honrs  after  the  third  injection of sodium fluoroacetate,  the 
survivors were inoculated  intranasally  with 0.05  cc.  of a  10  -~ dilution  of infected  mouse 
lung suspension  containing I02.s MSs0 of PVM. At 22, 26, and 30 hours after virus inocula- 
tion, groups of 8 mice were killed and  their lungs were removed, pooled, and  suspensions 
were prepared. Virus titrations were carried out on each lung suspension  by the hemaggiufi- 
nation procedure with 0.i per cent mouse RBC. 
The results of this experiment are shown in Table IV. There was clearly no 
definite difference between the titers of PVM  in the lungs of the control mice 
and  the  mice  heavily pretreated  for 3  days  with sodium  fluoroacetate.  This 
suggests  that  the  diminished virus  titer demonstrated  in the preceding  experi- 
ment was a  result of the repeated  injection of sodium fluoroacetate during the 
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of the host. It is of interest that mice which had survived a course of injections 
of the compound which killed 65 per cent of the animals were capable of sup- 
porting the multiplication of PVM fully as well as control animals. 
Because of the lack of any definitely demonstrable effect of sodium fluoro- 
acetate on single cycles of multiplication of PVM, it is difficult to provide an 
adequate explanation for the slight but definite inhibition found when repeated 
daily injections of the substance were given after small virus inocula. Perhaps 
this result was due to the cumulative effects of inhibition, less than twofold in 
extent, which occurred in each successive multiplication cycle throughout the 
3 day period, a  possibility which has been discussed previously in relation to 
other inhibitory chemicals (22). On the other hand, multiple  injections of so- 
dium fluoroacetate are known (18)  to lead to the development of tolerance in 
TABLE IV 
The Effect of Pretreatment with Sodium Fluoroacetate on the Multiplication of P VM in the 
Mouse Lung 
NaFAc* daily for 3 days 
mg./kg./day 
5.0 
5.0 
5.0 
Virus~: inoeulum MSs0 
/og 
2.9 
2.9 
2.9 
Time after virus 
inoculation 
hrs. 
22 
26 
30 
Hemagglutination titer of lung 
suspension vs. 0.1 per cent 
mouse RBC 
Control  Treated 
16  22 
45  54 
76  64 
* Approximately 65 per cent of animals died as a result of these injections. 
:~ PVM was inoculated 6 hours after the third injection of NaFAc. 
the  animal  which  suggests  that  as  yet  unknown  metabolic alterations  may 
evolve during continued administration. 
Effect of Sodium Fluoroacetate on PVM  in  Vitro.--Sodium  fluoroacetate did 
not diminish the infectivity of PVM when mixed with it in vilro. In experiments 
in which a  10  -2 dilution of infected mouse lung was held for 30 minutes at 
26°C. with 0.05 mg. per ml. of the compound, there was no demonstrable re- 
duction in  the infectivity titer for mice.  In addition,  under identical experi- 
mental conditions, the substance had no effect upon the hemagglutination titer 
of either free-infectious  or heat-released PVM  (11,  12).  In the presence of 0.1 
mg. per ml. of compound, the capacity of either free-infectious or heat-released 
PVM to be adsorbed by mouse RBC or normal mouse lung particles (10) at 
37°C.  was unaffected. Furthermore, supernatants of suspensions of the lungs 
of mice which had been treated daily with 4 rag. per kg. of the compound for 
3  days did not contain substances which affected the hemagglutination titer 
of either free-infectious or heat-released PVM. 
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studies with metabolic blocking agents are helpful  only in ruling  out a direct 
effect  of  the  compound on the  virus  particle.  In the  case  of  sodium fluoroacctate, 
it  is  likely  that  little  or none of  the substance in  the state  in  which it  is  injected 
comes in  contact  with the  virus  is  vivo  (9).  However, the  products  of  metabolism 
of the substance might possibly have an effect  on the virus in vivo,  and could 
alter  the agent per se without affecting  any of the cellular  metabolic pathways 
required. 
Influence  of Sodium Fluoroacetate on the Multiplication  of Mumps  Virus.-- 
Mumps virus possesses certain properties which are similar  to those of PVM 
(5,  6).  The multiplication  of both agents is strikingly  inhibited by capsular 
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Fro.  8.  Multiplication  of  mumps virus  in  the  aUantoic  sac  of  chick  embryos treated  with 
2  rag.  per  embryo  of  sodium  fluoroacetate  injected  into  the  yolk  sac  1  hour  after  inoculation  of 
106.6  EIs0  of  virus.  Each point  represents  the  geometric  mean of  the  hcmagglutination  titers 
of individual  allantoic  fluids  from groups  of 5 to 6 embryos.  Chicken  RBC, 0.25  per cent, 
were  employed. 
polysaccharide  derived from  Friedlgnder bacilli (I, 2). Mumps  virus and 
PVM  show interference (6) but neither agent leads to interference with in- 
fluenza A  or B  virus (5).  Evidence has been assembled which points to the 
possibility  that mumps  virus and PVM  may require similar  cellular  metabolic 
pathways during multiplication (5). 
In view of the minimal effect  of sodium fluoroacetatc  on the multiplication 
of PVM,  the effect  of the compound on mumps  virus multiplication also  was 
studied.  Because mumps virus  is  not pathogenic for the mouse (6),  experiments 
were carried  out in the chick embryo. It appears, from the results  described 
above, that the  effects  of  fluoroacetate  on the  multiplication  of  influenza  viruses 
are closely  similar  in the mouse and in the chick embryo. 
Infected  allantoic  fluid  containing  I06-6  EI~0  of mumps virus  was inoculated,  in 0.2 cc. 
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fluoroacetate was injected into the yolk sac.  The remainder of  the experimental procedure 
was identical with that employed for influenza viruses. Groups of  5  to 6 embryos were re- 
moved at intervals of 2 hours. Hemagglutination titers of individual allantoic fluids were 
determined with 0.25 per cent chicken RBC. 
The results of two such experiments are presented in Fig. 8.  It is obvious 
that fluoroacetate had very little effect on the multiplication of mumps virus. 
Hemagglutinating virus  appeared  at  the  same  time in  the allantoic fluid of 
treated and control embryos and the rates of increase in virus titer were not 
definitely different. At 48 hours the treated embryos showed virus titers equiva- 
lent to those of the controls. Similarities between the effects of fluoroacetate 
treatment on the multiplication of mumps virus and PVM can be seen readily. 
At no point in any of the experiments with these agents and single injections 
of the compound was the extent of the difference in virus titer between treated 
and control animals more than two- to fourfold. In all  instances in which the 
whole course of the multiplication process was followed, treated animals pro- 
duced as much virus as controls. 
DISCUSSION 
The most  outstanding  feature  of  the  results  of  these  experiments  is  the 
relatively small  effect of sodium monofluoroacetate on  the multiplication of 
the four viruses studied. That a single injection of a relatively large amount of 
the compound had but a  minimal  effect on the multiplication of PR8 virus, 
mumps virus, and PVM in either of the species used appears obvious, and with 
Lee vh~s a definite delaying effect was demonstrable only in the mouse. These 
findings are surprising in view of the far-reaching effects of fluoroacetate on 
the metabolism of carbohydrate and fat which is known to be blocked at the 
tricarboxylic acid  stage  with  the consequent increase of citrate inside  tissue 
cells (9). It should be emphasized that the quantities of the compound used 
were adequate to cause 10 to 20 per cent mortality in mice and 100 per cent 
mortality in chick embryos. Because a minimum of 2.5 lethal doses of sodium 
fluoroacetate was  used in all experiments in  the  chick embryo, it is obvious 
that  in  this  host  species virus multiplication  was  studied  in  animals  which 
would have died from the effects of the compound shortly after the termination 
of the experiment. 
The greater delay caused by sodium fluoroacetate in the multiplication of 
Lee virus in the mouse lung appears to be a  special case and it seems likely 
that factors were operative which are not common either to the multiplication 
of the other viruses studied or to the propagation of Lee virus in the chick 
embryo. Additional  support for this hypothesis is gained from the fact that 
approximately 1,000  times as many virus particles are necessary for infection 
of the mouse with Lee virus as with PR8 virus, while infection of the chick 
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The  finding that  repeated injections of sodium fluoroacetate, during suc- 
cessive cycles of multiplication of PV'M,  gave  some evidence of inhibition, 
whereas little or no similar evidence could be obtained in single multiplication 
cycles with this agent, deserves some comment. Inhibition of a degree too small 
to be clearly demonstrable during a single cycle could be magnified by accumu- 
lation during successive  cycles (22)  and thereby become discernible. On  the 
other hand, qualitative factors may have played a role for it appears improbable 
that a tissue already altered by fluoroacetate reacts in exactly the same manner 
to additional injections of the substance (9, 18). Although three daily injections 
of sodium fluoroacetate caused a definite reduction in the extent of multiplica- 
tion of PVM in mice infected throughout the whole course of the experiment, 
it  is  noteworthy that  animals treated  in  an  identical manner were  able  to 
support undiminished multiplication of the agent when inoculated a few hours 
after the third injection of the compound. 
Substances which alter the metabolism of host cells in known ways may pro- 
vide important information relative to  cellular metabolic processes  required 
during viral  multiplication. Whether  the  substance  does or  does not affect 
viral multiplication may not bear on the importance of the information gained. 
Because  knowledge of  the  cellular  metabolic  processes  required  by  viruses 
during multiplication is exceedingly limited, it is desirable when possible to 
employ substances, such as fluoroacetate (9)  about which there is specific in- 
formation relative to mechanism of action and effect on metabolism. From the 
results of the present experiments, it appears that the cellular metabolic proc- 
esses  which are  blocked by fluoroacetate cannot  be  considered  as  essential 
for the multiplication of any of the four viruses studied. 
The results obtained in investigations of this kind may be affected to a con- 
siderable degree by the time interval between virus inoculation and administra- 
tion of the substance affecting cellular metabolism. For this reason, with each 
virus studied,  sodium fluoroacetate was given in certain experiments during 
the latent period of the multiplication cycle. Under  these  circumstances,  it 
can be assumed that any demonstrable effects on multiplication were the result 
of events which occurred during the intracellular phase of propagation of the 
agent.  The finding that  only minimal effects appeared  indicates that intra- 
cellular multiplication of any of the viruses used was little affected by the 
metabolic block produced by fluoroacetate. 
The results obtained also serve to demonstrate the value of making measure- 
ments repeatedly throughout the entire course of viral multiplication when the 
effect of a given substance on this process is under study. It is apparent that, 
with each of the agents used, a considerable difference in the virus titers found 
in  control  and  fluoroacetate-treated  animals  was  demonstrable  at  certain 
points in the multiplication curve. The significance of such temporary differ- 
ences  in  titer,  which  were  large  in  some  cases,  diminished markedly when W.  J.  MOGABGAB  AND  F.  L.  HORSFALL,  JR.  547 
comparisons were made on the basis of the complete curves of virus multipli- 
cation. 
SUMMARY 
Sodium fluoroacetate, given after virus inoculation in doses of 3" to 4  mg. 
per kg.  in mice or 2 rag.  in chick embryos, caused only a  slight delay in the 
multiplication of the PR8 strain of influenza A virus in the mouse lung and 
of PR8 or the Lee strain of influenza B virus in the allantoic sac. The quantities 
of the compound used were sufficient to cause approximately 10 to 20 per cent 
mortality in mice and 100 per cent in chick embryos. 
The use of small virus inocula did not markedly increase the effect of sodium 
fluoroacetate on  the mult!plication of PR8  or Lee in  the chick embryo and 
maximal titers  were obtained in all  cases.  In contrast to the findings  in  the 
chick embryo, sodium fluoroacetate caused a  definite delay in the multiplica- 
tion of Lee virus in the mouse lung but did not affect the final virus titer. 
Sodium fluoroacetate in like amounts caused only a  minimal  delay in  the 
multiplication  of pneumonia virus  of mice  (PVM)  in  the  mouse lung  or of 
mumps virus in the chick embryo. With both PVM and mumps virus, maximal 
titers were obtained almost simultaneously in fluoroacetate and  control ani- 
mals. When three daily injections of the compound were given to mice infected 
previously with PVM, a definite diminution in the virus titer was demonstrable. 
However, pretreatment with three daily injections of the compound caused no 
alteration in the capacity of mice to support the multiplication of PVM. 
From the results of these experiments, it appears that the cellular metabolic 
processes blocked by sodium fluoroacetate are not essential for the multiplica- 
tion of influenza viruses, mumps virus,  or pneumonia virus of mice  (PVM). 
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